A Morphological and Molecular Characterization of the Spinal Cord after Ventral Root Avulsion or Distal Peripheral Nerve Axotomy Injuries in Adult Rats.
Retrograde cell death in sensory dorsal root ganglion cells following peripheral nerve injury is well established. However, available data regarding the underlying mechanism behind injury induced motoneuron death are conflicting. By comparing morphological and molecular changes in spinal motoneurons after L4-L5 ventral root avulsion (VRA) and distal peripheral nerve axotomy (PNA) 7 and 14 days postoperatively, we aimed to gain more insight about the mechanism behind injury-induced motoneuron degeneration. Morphological changes in spinal cord were assessed by using quantitative immunohistochemistry. Neuronal degeneration was revealed by decreased immunostaining for microtubule-associated protein-2 in dendrites and synaptophysin in presynaptic boutons after both VRA and PNA. Significant motoneuron atrophy was already observed at 7 days post-injury, independently of injury type. Immunostaining for ED1 reactive microglia was significantly elevated in all experimental groups, as well as the astroglial marker glial fibrillary acidic protein (GFAP). Quantitative reverse transcription polymerase chain reaction (qRT-PCR) analysis of the ventral horn from L4-L5 spinal cord segments revealed a significant upregulation of genes involved in programmed cell death including caspase-3, caspase-8, and related death receptors TRAIL-R, tumor necrosis factor (TNF)-R, and Fas following VRA. In contrast, following PNA, caspase-3 and the death receptor gene expression levels did not differ from the control, and there was only a modest increased expression of caspase-8. Moreover, the altered gene expression correlated with protein changes. These results show that the spinal motoneurons reacted in a similar fashion with respect to morphological changes after both proximal and distal injury. However, the increased expression of caspase-3, caspase-8, and related death receptors after VRA suggest that injury- induced motoneuron degeneration is mediated through an apoptotic mechanism, which might involve both the intrinsic and the extrinsic pathways.